ARITHMETIC SECTION 

The arithmetic section of the processor consists of two 32-word by 16-bit register files R and S and 
five registers. T. L. M. MAR. and IR. The registers are connected to the memory and to an all 
with a 16-bit parallel bus. 

The ALU is a SN74181 tvpe, restricted so that it can do only 16 arithmetic and logical functions. 
The ALU output feeds the L, M. and MAR registers. T may also be loaded from the ALU output 
under certain conditions. L is connected to a shifter capable of left and right shifts by one place, 
and cvcles of 8. It has a mode in which it does the peculiar 17-bit shifts of the standard instrucuon 
set. and a mode which allows double-length shifts to be done. 

The IR register is used by the emulator to hold the current emulated instruction. 



ARITHMETIC LOGIC UNIT 
(ALU) 



BUS(00-15) 



16 




7438 
Pg.6 



ENABLING 



A A 



SIGNAL 



BUS<00-15)D, 



I3101A 

FR0m R? eMP-4> o | -R 



CONTROL 5 

MODULE 



16 



REGISTER 
Pg.6 
"* 



SH(00-15) 



16 



F9309 

SHIFTER 

Pg.9 



L(00-1S). 



16 



74S174 

"L w 

REGISTER 

Pg.7 



ALU(00-15)/ 



16 



PROCESSOR BUS 



BUS(O0- 151/^6 



A 



BUS(00-07)D 



lb 



> 8 



BUS<0e-15)D. 




74H01 



> a 



82S34 

REGISTER 

Pg.8 



74H51 

DECODER 

Pg.8 



A 



MZ& 



^IR(8-1S) 



74S175 

*!R H 

REGISTER 

Pg.8 



BUS(00-1S)R 



16 



82S23 

PROM 
Pg.7 



— T 

ALUF(0*3) / A 



FROM 

CONTROL 

MODULE 



74S08 

.Pg.8 



16 



16 



BUS(00-15)R 



s BUS(0Q -15)R 



16 



^ ALIBIS) 



16 



74298 

REGISTER 
Pg.7 



8US(00*15)R 



TtOO-ISJ/^e 



ALUtOO-ISj/^e 



74S181 
ALU 
Pfl.7 



16 



ALU(00*15) 



ALU BUS 



ALUIO0-15) 



x ALU(00-15) 



16 



16 



V 



s 

1 



A69 



A70 

s 


2 



C58 

A60_ 

s 

3 





A30 

H 

4 

A20 | 

H 

4 

!w 

A1J) 

s 

8 
2 
2 
3 



S 

1 

3 
3 

C57 
_Aji9_ 

s 

3 


Z48 



A29 



R11 — 
R12 — 
A78 

F 
9 
3 



!?5 

A 68 

F 
9 
3 

9 

A 58 





A77 

F 
9 
3 



A67 

F 
9 
3 

9 

!?5 
A57 



F 




F 


9 




9 


3 




3 










9 




9 


I* 




ft^ 


A48 




A47 



A 50 




A 49 




F 




F 


s 




s 




9 
3 




9 
3 


3 




3 






















9 




9 


!W 




ft 




ft 




ft^ 


A 40 




A 39 


A38 


A37 


s 


I 


s 




S 




s 


1 


R7 

i 


1 




1 




1 


8 


1 


7 




7 




7 


2 




4 




4 




4 


Ht 


AOI 


ft 




Ift 




tS 



A27 



A7 



A76 

3 

1 


1 



ft^ cSt 



A66 

3 

1 



1 

!54 
A56 

3 

1 


1 

A46 

7 

1 



1 



A16 

n" 

3 
8 

W 

N 
3 
8 



R10 



A75 

3 

1 


1 

A65 

3 

1 


1 
eft 

A55 

1 



1 
A 

A45 



A82 

A15 

N 
3 

8 

A81 AS 



-R4 — 



Go 

— r; 



A74 

S 
3 
8 

A64 

s 

3 
8 



R9 R8 

I I 



A14 

s 


8 

^4 

s" 

1 
7 
5 



A73 
H 

7 
4 



A 24 




A23 


N 




N 


2 




2 


9 




9 


8 




8 


3? 




tflv 



A13 

s 


8 



A72 

H 






A63 


A62 


A61 


H 




N 




H 


5 




8 




5 







6 




5 


y 


flfir 


[ml 


A53 











A 54 








A52 






F 






H 




9 




H 







3 









1 




9 







ilr 


W 


w 



A51 

s 


2 







A 44 




A43 




A42 




A41 


3 


















i 




H 




H 




s 




s 


o 









5 




3 




1 


1 




1 




5 




7 







ft 




!?3 


iSr 


flr 


zSo 



A32 




A31 


H 




H 


5 







1 







w 




T24 


A22 




A21 


N 




N 


2 




2 


9 




9 


8 




8 


ft 




rrr 


A12_ / 


LLL- 


s 




S 










8 




8 


w 




fl¥r 


A2 




A1 


s 


I I 


S 


1 


R2 R1 


1 


7 


I I 


7 


5 


I I 


5 


(ft 




^ 



Hi Illlllllllllllllllllllllllll Illllllllll 



w 



TITLE 



PROPRIETARY NOTE ON SHEET 1 APPLIES TO ALL SHEETS 



ASSEMBLY, P.W. 
ARITHMETERIC LOGIC UNIT (ALU) MODULE 



DWG. 
SIZE 

A41 



FILE: ALU03.SIL 



dwg. 218090 

NO. 



SHEET 
REV. 



SHEET OF 



13 




ran 



XEROX 
SPG 



Project 
ALTON 



ASSEMBLY, P. W. 
AR1THMETRIC LOGIC UNIT 



Flit 

ALU06.SM 



Dmsignmr 

LEUNG 



R9V 

A 



Daf 

10/1/80 



Pag* 

6 



BUS(15)D 



BUS(14)P 



BUS(13)P 



8US(12)D 



BUSODP 



SUS(10)D 



B¥fl09)P 



BMS<08|0 



BSZO' 12 



■DISP' 13 



HOP \ 11 ENBUShlgh 
u42< 



ay«07>p 



BUS(06)D 



BUS(05)P 



BUS(04)P 



.V££ 1 



#R4 , 
1LFT 



PISP' 1 



BS2Q 4 

Is, 



HOP V, 6 BSZO' 
u42b/ 



U ByS(13> 




BUS(15) 



BUS(14) 



BUS(12) 



N38 fr3 BUSMD 

u6a 



N38K6_ 

5^J uBb, 



BUS(10) 



N38 K3 BUS(P9) 

2^lu16/ 



N38K 6 BUS(08) 

5^Ju16| 




1 1 BUS(07) 



8 BUS(06) 



BUS(03)D 


1 1 




2 c 


BUS(P2)P 


4 * 




5 t; 


BUS(P1)P 


1 * 




2 c 


BUS(OP)P 


4 * 



1 1 BUStOS) 



a bus(04) 



N38] 
'u5a 



IN381 

uSbj 



BUSC03) 



BUS(P2) 



N38h3_ 

u15< 



BUSJP11 



■so 



-so 



IN38 Y8 BUS(00> 



5^ul5 



u42a\3 3 E n ^g'? w 



■SE3 



■ T9P*1 



• Ton 



■ fsn 



■ TaTI 



■ fssl 



-cud 



{W2 



■ ran 



XEROX 
SPG 


Pfo/ecf 
ALTO II 


ASSEMBLY, P. W 
ARITHMETRIC LOGIC UNIT 


File 
ALU07.sil 


Designmr 

LEUNG 


Rev 

A 


Oat 9 

10/1/80 


Pag0 
07 




BUS(12)R 

fTTsI AL W« 



j-g 1 AUSYSCLK* 3 

LOADT' 



XEROX 
SPG 


Project 

ALTON 


ASSEMBLY, P.W. 
ARITHMETRIC LOGIC UNIT 


File 

ALU08.SH 


Designer 

LEUNG 


Rev 
A 


Date 
9/30/80 


Page 
08 



ALUCI' 




13 


S182 
CIN CZ 
GIO' CY 
PIO' 

Gir cx 

OI2* G9 

GI3' p 9 
p, 3' u40 


9 Cn + Z 




G2 


1 


11 CitY 




12 Cn+X 




?2 


15 






G1 


1 


i° 




P1 


2 






GO 


3 


J 




PO 


4 













33Q ohms 



vcc 




43 



42 



41 



40 



ALUF3 10 



ALUF2 11 



ALUF1 12 



ALUFO 13 



SKIP 



14 



GND 



15 



S8223 

u10 



AO 

A1 
A2 
A3 
A4 

CE' 



ISIklfil 



3 ALUCI' 



* ALUM' 



5 ALUSO' 



6 AI,U$1 



7 ALUS2' 



9 ALUS3' 



10 ALUMA 




XEROX 
SPG 



Project 
ALTO II 



ASSEMBLY, P.W 
ARITHMETRIC LOGIC UNIT 



File 

ALU09.sil 



Designer 

LEUNG 



Rev 

A 



Date 
10/1/80 



Page 



09 



L(07l 



U08) 



L(15) 



ilUL 



U05) 



L(08) 



U04j 



ucai 



U14) 



H131 



12 
11 
10 

.9 

_5 
7 



A1 




Za 


A2 Za' 


A3 


BO Zb 


B1 Zb 


B2 


B3 


« 5 1 




F9309 
u57 



A1 


Za 


A2 


Za' 


A3 




BO 


Zb 


B1 


Zb 


B2 




B3 




SO S1 



15 SH(Q7) 



1LL5L 



xc 



14 SH(07r 



1 SH(04) 

2 SH(Q4)' 



ISotl 



U04) 



U13) 



13 



L(14) 



F9309 
uS8 
AO 

A1 Za 

■A2 Za' 
A3 

BO Zb 

B1 Zb' 

B2 
B3 

SO SI 



13 



F9309 
u47 
AO 



L(12) 

1LL1I 



SH106) 



smoer 



SH(05 



1(06) 



SH(057 



L(05) 



SH123) 



SHJ03L 



SH(OO) 



M03> 



SH(QQ 



uoo) 



U10 



L(09 



L08 



SH(02) 



§HlQZL 



SHJ01) 

WEI 



11021. 



1(01) 



F9309 

A0 U77 
A1 3 

A2 i 

A3 

BO 3 

81 i 

B2 
B3 

so si 



13 



15 SH(15) 



14 SHH5)' 



?H(12) 



SH(12) 



F9309 

A0 U78 
A1 2 

A2 2 

A3 

BO 2 

B1 2 

B2 
B3 
SOSl 



13 



F9309 



A0 U ' 




A1 


Za 


A2 


2a' 


A3 




BO 


Zb 


B1 


Zb* 


B2 




B3 




SOJ 


1 



13 



vcc r ~ **V2 



F9309 
U68 



AO 

A1 t 

A2 ; 

A3 

ao ; 
bi ; 

B2 
B3 
SOSl 



13 



1LFT 



VCC 1 



#R12, 
1LFT' 



SH(14) 



SH(14) 



SHillL 



SH<13)' 



SH(11) 



SHM1)' 



SH(08) 
SHtOS)' 



SH(10) 



SKKTOr 



SH(09) 



SH109)' 



r m^ 1 ' 10 



XEROX 
SPG 



Project 

ALTO II 



ASSEMBLY, P.W. 
ARITHMETRIC LOGIC UNIT 



File 



ALU11,sil 



Designer 

LEUNG 



Rev 
A 



Date 
10/1/80 



Page 

11 



SH(09 


r 1 




SHIOO 


12 




SH(05 


13 




SH(11 


I* 14 




SH(08 


15 




SH(03 


6 




SH(14 


r 7 


S13 
o69 


SH(04 


r 10 


SH<07 


r 11 


SH(02 


5 




SH(06 


4 




SH(01 


r 3 




SH(10 


2 





V££. 



9 13SH's 



lw 



S02\4 



SH(12)' 



gH|13r 



SH(15)' 




1? ?§H'g 




u70bJ 



SHZERO 



V£C 




2 BUS(01)D 



BUS(05)D 



4 BUS(13)D 
BUS(08)D" 



6 BUS(00)P' 

7 BUS(04)D' 



BUS(12)D 



V££. 



■l^JSt* BUS < 09 > P 




1LFT 



#R3 



^S,* By§i03jO. 

1LFT ' 



V££_1^V^|_CLK52A 



1LFT ' 



XEROX 
SPG 



Project 

ALTON 



ASSEMBLY, P. W. 
ARITHMETRIC LOGIC UNIT 



Fil9 

ALU12.SM 



Designs 
LEUNG 



10/1/80 



Pag* 
12 



vcc 







l" # ,f 1 2 






r *,f 18 2 


1 


#C35. 
u 2 






r # .f S2 2 








1LFT . 




II 

1LFT . 






1 1 ,p - 
1LFT . 




11 ' 
1LFT , 






1- *f 2 




r *,f 19 2 




1 


#C36 2 




l" *,f 53 2 






tl 
1LFT . 


1LFT . 




|| - ... , - 
UFT . 


II" 
1LFT . 






r *,f 3 2 




r *,f 20 2 




1 


*,f 37 2 




r *|f 54 2 






1LFT . 


II 
1LFT . 




II 

1LFT . 


- 1 1 ' 

1LFT . 






r *,f«2 




,' *,f 21 2 




1 


#C38 2 




r # ,f 55 2 






1LFT . 


II ' 

1LFT . 




II 

1LFT . 


II 
1LFT . 






r *,f 5 2 




I" *,f 22 2 




1 


#C39 2 




l" # ,f»2 






II 

1LFT . 


II 

1LFT . 




ir 

1LFT . 


II 

1LFT . 






r *,f 6 2 




1' *,f 23 2 




1 


# ,f 4 °2 




1* *,f 57 2 






II ' 
1LFT . 


II 

1LFT . 




■11" 

1LFT . 


II ' 

1LFT . 






1' *,f 7 2 




1" »,f 24 2 




1 


# ,f 41 2 




r *,f 5 * 2 






II 

1LFT . 


1LFT . 




-1 r 

1LFT , 


1UFT . 






I' *,f 8 2 




1' *,f 25 2 




1* 


# l? 422 




r *f 59 2 






1LFT . 


1LFT . 




II 
1LFT . 


ii 

1LFT . 






r # ,f 9 2 




r # { ? 26 2 




1 


T 32 




1* *,f 60 2 






II 
1LFT . 


M 

1LFT . 




II ' — 
1LFT . 


1LFT . 






r *,f io 2 




r # ,f 27 2 




1 


#C44 2 




1* *f* 1 2 






il 

1LFT . 


1 1 . , ... 

1LFT . 




"II ' 
1LFT . 


11" 

1LFT . 






l" *,f 11 2 




1* *™*2 




1 


# lf 452 




l"»9f*2 






II 
1LFT . 


II 
1LFT . 




■II " ■"'"■ 
1LFT . 


Ir 

1LFT . 






1' *C12 9 
1 ii 2 




r # ,f M 2 




1 


#C46- 
1 1 2 




l'*?«2 






II 
1LFT . 


n ' 

1LFT . 




•il ' 

1LFT . 


|f—, 

1LFT . 






r *f i3 2 




1 ii 2 




1 


# l| 4?2 




-•#C64 

1 ii 2 






ii 

1LFT . 


1LFT . 




■II" ' 
1LFT . 


H 

1LFT . 






4 * #C14, 
1 ti 2 




r # ,? 31 2 




1 


#C48, 

1 1 2 




-#065 - 
1 ii Z 






- II ~" 

1LFT . 


ii ■ 

1LFT . 




HI 

1LFT . 


1| i 

1LFT . 






r *,f 1s 2 




r # ,? 32 2 




1 


#C49 2 




1* # ,F 66 2 






1LFT . 


1| £ 

1LFT . 




Hh-^ 

1LFT . 




2 1| £ 

1LFT . 






,' *,f 16 2 




r # ,f 33 2 




1 


*C50 2 








1 1 
1LFT . 


3 1| — £ 

1LFT . 

T # ,? 34 2 




Hh^ 

1LFT . 
#C51 9 


GND 




II — 2 






1 






1 1 

1LFT . 


GNO 


• II 

1LFT . 




GNC 


) 


HI — 

1LFT . 


GND 
















XEROX 


ProJ9Ct 


ASSEMBLY, P.W. 


Fil9 


Designer 


Rev 


Datm 


Pag* 


SPG 


ALTO II 


ARITHMETRIC LOGIC UNIT 


ALU13.SIL 


LEUNG 


A 


9/30/80 


13 



